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Introduction
17beta-Hydroxysteroid dehydrogenases are a large group of steroid hormone activating and inactivating enzymes. All but one of them belong to the short-chain dehydrogenase/reductase family (SDR family; Mindnich et al., 2004) . 17beta-Hydroxysteroid dehydrogenase type 1 (HSD17B1) is a key enzyme of steroid hormone biosynthesis. The rodent enzyme can convert both androstenedione to testosterone and estrone to 17beta-estradiol, while in humans only the latter reaction is catalyzed . Since the murine enzyme is expressed mainly in the ovaries there is an obvious relation to estradiol biosynthesis in vivo. Elevated estradiol levels due to over-active 17beta-HSD1 have been shown to support the development of breast cancer in humans (Oduwole et al., 2004) . * Corresponding author. Tel.: +49 89 3187 3155; fax: +49 89 3187 3225.
E-mail address: adamski@gsf.de (J. Adamski).
The human HSD17B1 gene, located on chromosome 17q12-21, is duplicated in tandem, with the 3 -copy being the functional gene. To elucidate the origin of this duplication, we determined the gene structure of the homologous genes in Tupaia belangeri (tree shrew), Macaca mulatta (rhesus macaque), Hylobates klossi (Kloss' gibbon), Pongo pygmaeus (orang-utan) and Pan troglodytes (chimpanzee).
Considering the known and diverse substrate specificity between human and rodent HSD17B1 we also analyzed regulatory elements in the 5 -untranslated region (5 -UTR) of the gene bioinformatically. 
Material and methods

Identification of genomic HSD17B1 clones
DNA isolation, sequencing and fragment assembly
BAC DNA was isolated by a manual procedure involving alkaline lysis, centrifugation, isopropanol precipitation and phenol/chloroform extraction. After shearing of the BAC DNA 1 and 5 kb fragments were cloned into pTZ18R. Plasmid DNA was routinely amplified using a TempliPhi kit (GE Healthcare, Freiburg, Germany) according to manufacturer's instructions. Sequencing of the isolated DNA was carried out according to the dideoxy sequencing method of Sanger et al. (1977) using the ET terminater technology according to the manufacturers instructions (GE Healthcare, Freiburg, Germany). Reads obtained for every BAC insert were assembled using GAP4 (http://staden.sourceforge.net/).
Annotation
Annotation of the HSD17B1 genes was carried out by pairwise alignment of the human genomic HSD17B1 sequence (GenBank accession number M84472) with the newly acquired sequence using Blast2seq. Exon-intron boundaries were annotated manually based on this alignment and the in-frame translation into protein. Sequences were submitted to GenBank and have the following accession numbers: Tupaia belangeri DQ026303, Macaca mulatta DQ023263, Hylobates klossi DQ023265, Pongo pygmaeus DQ023264 and Pan troglodytes DQ023266.
Promoter analysis
Conserved patterns of transcription factor binding sites were identified using the Genomatix suite of promoter analysis tools (MatInspector, FrameWorker; Genomatix software GmbH, Munich, Germany).
Results
Genomic Structure of HSD17B1 genes
Genomic HSD17B1 carrying clones of various species were sequenced and the received sequence annotated. HSD17B1 gene structure was already known to be conserved between rodents and humans. As expected, we found the gene structure of the HSD17B1 genes in all mammals highly conserved, consisting of six exons and five introns (Fig. 1) . Exon sizes appear to be well conserved at least for exons 1-5; exon 6 varies slightly in size between the species. The situation is different for intron sizes with introns 3 and 4 varying significantly in length.
Origin of HSD17B1 duplication
While the existence of a 5 -located pseudogene for human HSD17B1 was described already some time ago (Luu-The et al., 1990), according to the published genomic sequences, the rodent HSD17B1 genes are not duplicated (GenBank accession numbers: AF363242 (mouse), NM 012851 (rat)). HSD17BP1, the 5 -located pseudogene of HSD17B1, arises first in gibbon and is conserved throughout Hominoidea, while it is absent in old world monkeys (Macaca) and the outgroup species Tupaia and Mus. Interestingly, the 3 -copy of the HSD17B1 tandem duplication appears to be the functional copy since the putative coding sequence in all presumable pseudogenes is disrupted by in-frame stop codons in all primates examined (data not shown).
Bioinformatical promoter analysis
All examined primate HSD17B1 promoters including the 5 -UTRs of the pseudogenes reveal a high degree of conservation. For the murine and primates genes, the transcription start site has not been shown experimentally. Therefore, we analyzed 1 kb upstream of the start codon and could find matching patterns of putative transcription factor binding sites (Fig. 2) . Transcription factor binding sites previously not reported to be connected to HSD17B1 regulation such as steroidogenic factor 1 (SF1), nerve growth factor-induced clone B (NGF1B) and estrogen related receptor (ERE) were predicted by Genomatix software and point to a regulation in the context of steroidogenesis (for initial description of HSD17B1 promoter, cf. Piao et al., 1997) . However, mouse and Tupaia promoter regions display significant differences compared to the pattern of transcription factor binding sites in primate promoters. For example, a NKX 3.1 binding site is found at position −320 relative to the start codon in Tupaia and at position −500 in mouse. Besides, Tupaia also displays a well-conserved FXR/RXR site at position −460, which is not predicted in the other species examined.
Discussion
Genomic structure and duplication
The genomic structure of the HSD17B1 gene is highly conserved between all species analyzed in this study. We were able to show that Macaca mulatta carries no HSD17B1 tandem duplication while the gene is present in tandem duplication from Hylobates klossi to Homo sapiens. Therefore, we conclude that the duplication event happened early in the evolution of Hominoidea (apes and humans). Furthermore, the inactivation of the 5 -copy seems to have taken place soon after the duplication since all 5 -copies are inactivated. However, each of the Fig. 2 . Comparison of bioinformatically identified transcription factor binding sites in the 5 -UTR and putative promoter region of HSD17B1 genes and pseudogenes (HSD17BP1) in indicated species. Previously described regulatory regions are boxed (Piao et al., 1997; Leivonen et al., 1999) . Number of bases relative to start codon. pseudogenes displays stop codons at different positions. This is probably due to the missing evolutionary pressure after inactivation. The physiological relevance of this duplication, though, remains unclear.
Promoter analysis
In a comparative examination of primate HSD17B1 promoters we find a well-conserved pattern of transcription factor binding sites that strongly points to regulation in a steroidogenic context. This corresponds well to the known substrate specificity of the 17beta-hydroxysteroid dehydrogenase type 1. We could confirm the enhancer region described by Leivonen et al. (1999) , but our comparative genomics data refine the reported pattern of transcription factor binding sites.
In addition, we find that the previously described retinoic acid responsiveness (Zhu et al., 2002) of the human HSD17B1 promoter is unlikely to be due to a FXR/RXR binding site, since only the Tupaia promoter displays this binding site well conserved, while a matching motif is absent in all other species in the data set.
Within primates, including Macaca, the regulatory motifs are highly conserved. In contrast, murine and Tupaia promoters display a significantly different pattern of transcription factor binding sites. Since dual substrate specificity requires a correspondingly more elaborate regulation, and differences in the transcription factor binding motifs would be expected as the basis of this divergent regulation, we hypothesize that the loss of dual substrate specificity took place before primate evolution. Considering the expression pattern of the murine gene, mainly in the ovaries, the pattern of putative transcription factor binding sites could also be due to differences in regulatory processes in mouse compared to primates and not to differences in substrate specificity. More detailed examinations could help to light these problems. It is, however, interesting to note that the gene duplication event is preceded by the emergence of a new highly conserved SF1/ERE regulatory element. It will therefore be interesting to examine the functional biology of HSD17B1 in Old World monkeys in more detail.
